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1
CHARGED-PARTICLE BEAM DEVICE

TECHNICAL FIELD

The present invention relates to a charged-particle beam
device that inspects a semiconductor using a charged par-
ticle beam.

BACKGROUND ART

In the fabrication of a semiconductor micro circuit, fine
patterns are formed in which pattern shapes drawn on a mask
are transferred to a photosensitive resin (a resist) applied on
the surface of a sample using a light source such as an ArF
excimer laser. This is called a lithography process. For
measurement (length measurement) for the dimension man-
agement of resist patterns formed in the lithography process,
a scanning electron microscope (SEM) is generally used.
The SEM is a device in which an electron beam emitted
from an electron source is focused on the surface of a sample
through an electron lens formed by a magnetic field or an
electric field, the electron beam is deflected using a magnetic
field or an electric field to scan the surface of the sample, and
the electron beam is applied to detect secondary electrons
emitted from the sample. Since the amount of secondary
electrons to be emitted depends on the structure of the
surface of the sample, the amounts of secondary electrons to
be emitted for the individual application positions are dis-
played as an image, and the contrast reflecting the structure
and material of the sample can be obtained. This image is
called an SEM image. Since the electron beam can be
focused as small as the order of nanometers, dimensional
variations on the order of nanometers can be measured using
the SEM, and the dimension management of fine patterns
can be performed.

However, when fine resist patterns are observed using the
SEM, a problem arises in that a resist is contracted (shrunk)
caused by the application of an electron beam. Since the
resist is shrunk, the pattern dimensions on an SEM image
become smaller than the dimensions before SEM observa-
tion. On this account, an error is taken place on the value of
length measurement. For a method for decreasing shrinkage,
Patent Literature 1 discloses a method in which in the
application of an electron beam, a scanning line spacing is
set so as not to exceed an application density determined
based on the physical properties of a sample.

Moreover, when such observation is performed that a scan
area (a visual field) on the surface of a sample is a few tens
microns or greater using an SEM, a problem arises in that a
large aberration (deflection aberration) is taken place, which
is caused by the deflection of an electron beam, and a large
image blur or image distortion is taken place at the end of the
visual field. For a method for decreasing an image blur or
image distortion as described above, Patent Literature 2
discloses a method in which deflectors in two stages are used
and the strengths and directions of the deflection magnetic
fields produced in the deflectors are set to predetermined
values. Furthermore, Patent Literature 3 discloses a method
in which the deflection sensitivity and deflection direction of
deflectors in two stages are linked to the size of a visual field
for control.

In addition, Patent Literature 4 discloses a method in
which a focal point or an astigmatic point is adjusted
according to scan positions, and an image field curvature
aberration and an astigmatism in deflection aberrations are
corrected to decrease image blurs. However, the response
speeds of a corrector using magnetic fields and the control
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2

circuit of the corrector, which are mounted on a typical SEM
are slower than an adjusting method using electric fields, and
it is not enabled to realize changing correction conditions at
high speed. In other words, it is necessary to provide a
method for decreasing deflection aberrations, which does
not need high-speed focus correction or astigmatism control.

CITATION LIST
Patent Literature

PTL 1: International Publication W0/2003-021186

PTL 2: Japanese Patent Application Laid-Open No. Hei9
(1997)-167587

PTL 3: Japanese Patent Application Laid-Open No. Hei3
(1991)-173053

PTL 4: Japanese Patent Application Laid-Open No. 2006-
173035

SUMMARY OF INVENTION
Technical Problem

In these years, as the consequence of the advanced
downscaling of semiconductor circuit patterns, allowable
length measurement errors become small, and the allowable
amount of shrinkage also becomes small. Therefore, in order
to satisfy the tolerance of length measurement errors for the
cutting-edge of patterns, it is necessary that the pixel size in
the Y-direction (the size on a sample corresponding to one
pixel forming an SEM image) be expanded to a few tens
nanometers or greater, for example, and the electron beam
application density be decreased to suppress shrinkage. As a
result, it is necessary that the visual field in the Y-direction
be ten microns or greater. On the other hand, since it is
necessary to make observations on the X-direction, which is
a direction for length measurement, at the accuracy of the
order of one nanometer, it is necessary that the pixel size in
the X-direction be the size of about one nanometer.

However, when the size of the visual field is expanded in
the Y-direction while making observations at high magnifi-
cation in the X-direction (ten microns or greater, for
example), an image blur or image distortion caused by a
deflection aberration is revealed. In other words, an image
blur or image distortion is taken place at the end portion of
the visual field having a large amount of deflection of the
electron beam as compared with the center part of the visual
field. When an image blur is taken place, the length mea-
surement result is changed, and the image blur is a factor of
length measurement errors. Moreover, in the case where an
image blur is extremely large, it is not enabled to distinguish
the outlines of patterns, and it is not sometimes enabled to
perform length measurement itself.

In order to address these problems, it is necessary to
decrease deflection aberrations. FIG. 26 is a schematic
diagram of the dependence of the amount of a deflection
aberration on the amount of deflection. The amount of a
deflection aberration becomes greater, as the absolute value
of the amount of deflection becomes greater. A curve 2601
is the case where the amount of a deflection aberration is
great, and a curve 2602 is the case where the amount of a
deflection aberration is at the minimum. Patent Literature 2
and 3 do not provide a specific description of an evaluation
method for a deflection aberration that combines measure-
ment in the X-direction on the nanometer order with a large
amount of deflection in the Y-direction. Moreover, the
evaluation method for a deflection aberration is a method
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using low magnification observations typified by the size of
20 nanometers or greater, and no consideration is paid for an
image blur or image distortion taken place in observations at
high magnification in a certain direction as in the present
application.

Solution to Problem

In view of the problems, a charged-particle beam device
according to the present application is a charged-particle
beam device including: a sample stage on which a sample is
placed; a scanning optical system that scans a charged
particle beam over the sample; a first deflector and a second
deflector that deflect the charged particle beam; an image
acquiring unit that acquires an image having a pixel size
greater in a second direction than in a first direction based on
electrons emitted from the sample; an image storage unit
that stores a plurality of the images in which combination
conditions of a deflection intensity ratio and a rotation angle
for the first deflector and the second deflector are changed;
and an evaluation unit that determines a combination of the
deflection intensity ratio and the rotation angle for the first
deflector and the second deflector based on a variation in the
second direction in the stored plurality of the images.

Moreover, another charged-particle beam device accord-
ing to the present application is a charged-particle beam
device including: a sample stage on which a sample is
placed; a scanning optical system that scans a charged
particle beam over the sample; an aberration correction unit
that corrects an aberration in the scanning optical system; a
deflector that deflects the charged particle beam; an image
acquiring unit that acquires an image having a pixel size
greater in a second direction than in a first direction based on
electrons emitted from the sample; and a control computing
unit that calculates an amount to correct an aberration by the
aberration correction unit based on the acquired amount of
deflection in the second direction.

Advantageous Effects of Invention

It is possible to realize efficient measurement of line
patterns using the present invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a schematic diagram of a resist line pattern.

FIG. 1B is a schematic diagram of the resist line pattern
and the scan position of an electron beam.

FIG. 2 is a schematic diagram of an overall configuration
of an SEM according to a first embodiment.

FIG. 3 is a flowchart of the first embodiment.

FIG. 4 is an exemplary display according to the first
embodiment.

FIG. 5 is the Y-position dependence of length measure-
ment values.

FIG. 6 is an exemplary display of the evaluation result of
a deflection aberration according to the first embodiment.

FIG. 7 is a table of intensity ratios, rotation angles, and
measured evaluation values.

FIG. 8 is an exemplary display of the measurement result
of a deflection aberration according to the first embodiment.

FIG. 9 is an exemplary display of the measurement result
of a deflection aberration according to the first embodiment.

FIG. 10 is a flowchart of a second embodiment.

FIG. 11 is the Y-position dependence of the amount of
misalignment.
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FIG. 12 is an exemplary display of the evaluation result
of a deflection aberration according to the second embodi-
ment.

FIG. 13 is a flowchart of a third embodiment.

FIG. 14 is the Y-position dependence of a pattern position.

FIG. 15 is an exemplary display of the evaluation result
of'a deflection aberration according to the third embodiment.

FIG. 16 is a flowchart of a fourth embodiment.

FIG. 17 is a schematic diagram of a visual field according
to the fourth embodiment.

FIG. 18 is a schematic diagram of an overall configuration
of an SEM according to a fitth embodiment.

FIG. 19 is a flowchart of the fifth embodiment.

FIG. 20A is an exemplary display according to the fifth
embodiment.

FIG. 20B is an exemplary display according to the fifth
embodiment.

FIG. 20C is an exemplary display according to the fifth
embodiment.

FIG. 21 is a schematic diagram of an overall configuration
of an SEM according to a sixth embodiment.

FIG. 22 is the relationship between deflection control
signals and a focus control signal correction amount.

FIG. 23 is a table of the relationship between the deflec-
tion control signal and the focus control signal correction
amount.

FIG. 24 is a schematic diagram of an overall configuration
of an SEM according to a seventh embodiment.

FIG. 25 is a GUI display that specifies correction condi-
tions.

FIG. 26 is a schematic diagram of the dependence of a
deflection aberration on the amount of deflection.

FIG. 27 is an illustration of a calculation method for the
amount of misalignment.

DESCRIPTION OF EMBODIMENTS

The present invention can be implemented in given forms
as long as a device is a device that scans a charged particle
beam to acquire an image. In the following, the description
will be made as an SEM is taken as an example. Moreover,
an arithmetic operation unit and a control unit described
below will be separately described. However, it may be fine
that a plurality of units is implemented using a single
processor or a plurality of processors.

Moreover, the present invention also exerts effects on the
following factors as well as shrinkage.

In other words, in these years, in the fabrication processes
of the semiconductor micro circuit; a problem is the wavi-
ness of line patterns called wiggling. The cycle of wiggling
in the Y-direction ranges on the order of a few tens nano-
meters to a few hundreds nanometers. In order to efficiently
measure the wiggling using an SEM, it is necessary to
expand the visual field in the Y-direction to ten microns or
greater. On the other hand, similarly to the observation of
resist patterns, it is necessary that the pixel size in the
X-direction, which is the direction for length measurement,
be the size of about one nanometer. Thus, when image
distortion is taken place, the waviness of an apparent pattern
caused by image distortion is taken place in addition to the
inherent waviness of a pattern in wiggling measurement, and
it is not enabled to accurately measure wiggling. Moreover,
the application of an electron beam is possibly a factor of
wiggling. Similarly to shrinkage, it is also effective to this
wiggling problem that the visual field in the Y-direction is
widely expanded to decrease the electron beam application
density.
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Furthermore, another factor is a problem in that a sample
is charged by electron beam application. In these years, in
the fabrication processes of the semiconductor micro circuit,
insulating materials of a low electrical conductivity are
becoming frequently used. When an electron beam is
applied to an insulator, a problem arises in that a sample is
charged to affect the track of a primary electron beam and
the amount of secondary electrons to be emitted, and it is not
enabled to correctly acquire an SEM image. In addition, an
electric field in the inside of the sample due to electrification
may cause dielectric breakdown on a part of the sample, or
the pattern shape of the sample may be deformed due to
Coulomb force, leading to the deterioration of the perfor-
mance of a device. On the contrary, the electron beam
application density can be more decreased as the visual field
in the Y-direction is expanded as much as possible, and
electrification can be decreased.

As described above, in order to perform highly accurate
measurement with less damage to the sample such as
shrinkage, wiggling, and electrification and to efficiently
measure a phenomenon in a long cycle such as wiggling,
such a necessity is emerging that length measurement of
high resolution is performed in the X-direction on the order
of nanometers while expanding the size of the visual field in
the Y-direction to ten microns or greater.

Example 1

As an exemplary embodiment of a first method for
solving the problems, an SEM will be described in which an
image blur caused by a deflection aberration is highly
accurately measured using an SEM image that the pixel size
in the Y-direction is greater than the pixel size in the
X-direction (in other words, the scaling factor is greater in
the Y-direction than in the X-direction) and the optimum
intensity ratio and rotation angle of a two-stage deflector are
set. In the embodiment, with the use of the fact that the
length measurement value of a line pattern is changed
because of a deflection aberration, the size of a deflection
aberration is evaluated from a variation in the length mea-
surement value in the image.

FIG. 2 is a schematic diagram of an overall configuration
of'an SEM according to the embodiment. A primary electron
beam 207 emitted from an electron gun 201 controlled by an
electron gun control unit 211 converges to the surface of a
sample 209 placed on a stage 205 for application. The focal
point of the primary electron beam is adjusted by an objec-
tive lens control unit 214 to control the amperage of a
current applied to an objective lens 204 or by a retarding
control unit 215 to control a retarding voltage applied to the
stage 205.

Secondary electrons 208 emitted from the surface of the
sample by the application of the primary electron beam 207
are detected at a detector 206. Electric currents applied to an
upper deflector 202 and a lower deflector 203 are controlled
by a two-stage deflector control unit 212, so that the primary
electron beam 207 can be scanned over the surface of the
sample. The two-stage deflector control unit 212 includes an
upper and lower stage settings storage unit 213, and controls
the electric currents of these deflectors in such a manner that
the intensity ratios and rotation angles of the upper deflector
202 and the lower deflector 203, which are deflectors in two
stages, take set values stored on the upper stage setting
storage unit 213.

A control arithmetic and logic unit 221 that controls the
overall device includes a processor that processes control
programs describing operation procedures and the like reg-
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istered in advance, and sends control signals to the control
units. Moreover, the control arithmetic and logic unit 221 is
connected to the detector 206 as well, and receives a signal
of the intensity of the secondary electrons as a detection
signal. Furthermore, the control arithmetic and logic unit
221 generates an SEM image based on the control signal
sent to the two-stage deflector control unit 212 and the
detection signal received from the detector 206, and stores
the image on an image storage unit 223. Alternatively, the
control arithmetic and logic unit 221 can display the gen-
erated SEM image on a display device 231 as well. In
addition, the control arithmetic and logic unit 221 includes
a deflection aberration evaluation unit 222 that calculates the
evaluation value of a deflection aberration using an image
stored on the image storage unit 223. Moreover, the control
arithmetic and logic unit 221 includes a search condition
storage unit 224 that stores a plurality of the combination
conditions for the intensity ratio and the rotation angle and
the evaluation values of a deflection aberration under the
conditions.

It is noted that in the embodiment, the case is described
where the upper deflector 202 and the lower deflector 203
are electromagnetic deflectors that deflect the primary elec-
tron beam 207 with a magnetic field produced from an
electric current. However, it may be fine that one or both of
the upper deflector 202 and the lower deflector 203 are
electromagnetic deflectors that deflect the primary electron
beam 207 with an electric field. Moreover, an electrostatic
lens or an electromagnetic lens other than the objective lens,
an astigmatism corrector that corrects the astigmatism of the
primary electron beam 207, and deflectors that deflect the
primary electron beam 207 other than the upper deflector
202 and the lower deflector 203 are omitted in FIG. 2.
However, it may be fine that these components are included.
Furthermore, it may be fine that a component acting on other
electron beams is included. In addition, it may be fine that
electrons detected at the detector 206 are secondary elec-
trons as well as reflected electrons and electrons that sec-
ondary electrons emitted from the surface of the sample or
reflected electrons are entered to the component of the SEM
(the objective lens and the like, for example) to produce
electrons consequently (so-called tertiary electrons).

FIG. 3 is a flowchart of the embodiment. In the following,
the description will be made along the flowchart.

In Step S300, for a range of searching the optimum
conditions for the combination conditions of the set values
of the intensity ratios and rotation angles of the upper
deflector 202 and the lower deflector 203, which are deflec-
tors in two stages, a plurality of combination conditions is
stored on the search condition storage unit 224. The condi-
tions to be stored are a plurality of conditions having the
values of the intensity ratio and the rotation angle close to
predetermined reference conditions. It may be fine that the
reference conditions are the combination conditions of the
intensity ratio and the rotation angle used in the device
before performing this flowchart, that is, the conditions
stored on the upper and lower stage settings storage unit 213
before performing the flowchart, it may be fine that the
reference conditions are the conditions in which a display to
prompt inputting reference conditions illustrated in FIG. 4 to
the display device 231 and the reference conditions are
inputted and determined by an operator, or it may be fine that
the reference conditions are values determined by the cal-
culation made by an electro-optical system. It may be fine
that in the case where referenceable conditions as described
are not available, the reference conditions are set as the
intensity ratio is one and the rotation angle is an angle of
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180°. It is noted that it may be fine that in the case where the
search conditions are recorded in advance on the search
condition storage unit 224, these steps are omitted.

In Step S301, the control arithmetic and logic unit 221 is
used to read one of the combination conditions stored on the
search condition storage unit 225, and the combination
condition is recorded on the upper and lower stage settings
storage unit 213 for the set values of the intensity ratios and
rotation angles of the upper deflector 202 and the lower
deflector 203, which are deflectors in two stages.

In Step S302, the control arithmetic and logic unit 221 is
used to send a control signal to the two-stage deflector
control unit 212, the primary electron beam 207 is deflected
by the upper deflector 202 and the lower deflector 203 to
detect secondary electrons at the detector 206 while scan-
ning the surface of the sample, SEM image data in a
line-shaped pattern as illustrated in FIG. 1A is generated
using the detection signal, and the SEM image data is stored
on the image storage unit 223. In the processing, the
two-stage deflector control unit 212 controls the upper
deflector 202 and the lower deflector 203 based on the
intensity ratios and the rotation angles stored on the upper
and lower stage settings storage unit 213. Moreover, the
two-stage deflector control unit 212 sends a control signal in
such a manner that the pixel size of the SEM image to be
generated in the Y-direction is greater than the pixel size in
the X-direction. It is noted that it may be fine that a plurality
of line patterns is included in the visual field in which an
SEM image is acquired.

In Step S303, the deflection aberration evaluation unit 222
is used to read an image stored on the image storage unit
223, and the Y-position dependence of the dimensions of the
line pattern is measured. In the measurement of the pattern
dimensions at a certain Y-position, the X-position depen-
dence of the image luminance at that Y-position (a lumi-
nance profile) is determined, and the pattern dimensions are
measured from the luminance profile. A measurement
method for dimensions may be a given method as long as the
method is a method that measures pattern dimensions from
the luminance profile of an SEM image such as a threshold
method. Moreover, in order to improve the signal-to-noise
ratio of the luminance profile, it may be fine that luminance
profiles near the Y-position at which measurement is made
are averaged for length measurement using the averaged
luminance profile. Furthermore, it may be fine that in the
case where a plurality of line patterns is included in an
image, a value is used in which the dimensions of the line
patterns are measured and averaged.

Since the visual field in the Y-direction is greater than the
visual field in the X-direction in the SEM image stored in
Step S302, the amount of deflection of the primary electron
beam in the acquisition of the image is relatively greater than
the amount of deflection in the X-direction as the primary
electron beam comes closer to the upper and lower ends of
the visual field. As illustrated in FIG. 26, a deflection
aberration is more increased as the amount of deflection
becomes greater. When a deflection aberration is increased,
the length measurement value of the line pattern is changed
due to an image blur caused by a deflection aberration, and
the Y-position dependence of the length measurement value
takes curves as illustrated in FIG. 5. A curve 501 depicts the
case where a deflection aberration is large, and a curve 502
depicts the case where a deflection aberration is small.

Therefore, the curvatures of these curves are determined,
and the degree of a deflection aberration can be quantita-
tively evaluated. More specifically, the obtained Y-position
dependence of the length measurement value is subjected to
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second order approximation to determine a second order
coeflicient, and the second order coeflicient is stored as the
evaluation value of a deflection aberration on the search
condition storage unit 224. Moreover, in this SEM image,
the pixel size in the X-direction is small, and even a slight
difference in the pattern dimensions can be highly accurately
detected. Therefore, by the method in this step, even a slight
change in the amount of a deflection aberration can be highly
accurately detected. It may be fine that as illustrated in FIG.
6, a display showing the SEM image stored on the image
storage unit 223, the Y-position dependence of the pattern
dimensions, and the evaluation value is displayed on the
display device 231, and the measurement result of a deflec-
tion aberration is told to the operator as necessary.

It is noted that for the determination method for the
evaluation value, a given method may be used as long as the
method is a method that quantifies the degree of a change in
the length measurement value in the Y-direction. For
example, it may be fine that a difference between the length
measurement value in the center of the image and the length
measurement value at the top end of the image or the length
measurement value at the lower end of the image or the
mean value of the length measurement values at both ends
is simply considered to be an evaluation value, or it may be
fine that a difference between the minimum value and the
maximum value of the Y-position dependence of the length
measurement value is used.

Alternatively, for another method, it may be fine that
simply a length measurement value 504 at a constant Y-po-
sition 503 that is not the center of a certain visual field or the
length measurement value 504 is calculated as an evaluation
value, not to determine the second order coefficient of the
Y-position dependence of the length measurement value.
The method described above is determined according to the
length measurement conditions or the demanded accuracy.

On the search condition storage unit 224 that stores the
obtained evaluation value, data as illustrated in FIG. 7 is
stored together with the intensity ratio and the rotation angle
stored in Step S300.

In Step S304, it is determined whether the calculation of
the evaluation value is finished on all the conditions for the
combination conditions of the intensity ratio and the rotation
angle stored on the search condition storage unit 224. In the
case where the calculation is not finished, the process is
returned to Step S301, and the subsequent combination
condition of the intensity ratio and the rotation angle is set.
In the case where the calculation is finished, the process goes
to Step S305. It is noted that it may be fine that in this step,
a display in a table format as illustrated in FIG. 7, a display
in a mapping format as illustrated in FIG. 8, or a display in
a contour line format as illustrated in FIG. 9 is displayed on
the display device 231 and the measurement result is told to
the operator.

In Step S305, the control arithmetic and logic unit 221 is
used to select the conditions that the evaluation value is at
the minimum in the combination conditions of the intensity
ratio and the rotation angle stored on the search condition
storage unit 224, and the conditions are stored on the upper
and lower stage settings storage unit 213. Alternatively, it
may be fine that the dependence of the evaluation value on
the intensity ratio and the rotation angle are fit, and the
conditions of the intensity ratio and the rotation angle under
which the evaluation value is at the minimum are deter-
mined from the fitting function, and the conditions are stored
on the upper and lower stage settings storage unit 213. By
the method using this fitting, the evaluation result of discrete
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conditions stored on the search condition storage unit 224 is
used and the conditions are complemented to determine the
optimum conditions.

In Step S306, the control arithmetic and logic unit 221 is
used to send a control signal to the two-stage deflector
control unit 212, the primary electron beam 207 is deflected
using the upper deflector 202 and the lower deflector 203 to
detect secondary electrons at the detector 206 while scan-
ning the surface of the sample, and SEM image data of a
pattern to which length measurement is desired to be per-
formed is generated using the detection signals, and stored
on the image storage unit 223. In the processing, the
two-stage deflector control unit 212 controls the upper
deflector 202 and the lower deflector 203 based on the
conditions stored on the upper and lower stage settings
storage unit 213 in Step S305. It is fine that the pixel size of
the SEM image to be generated is freely set according to the
purpose of length measurement. For example, in the case
where the purpose is a decrease in the shrinkage of a resist
pattern in length measurement or the efficient measurement
of the wiggling of a line pattern, a control signal is sent in
such a manner that the pixel size of the SEM image in the
Y-direction is greater than the pixel size in the X-direction.
In the case where this image is acquired, the visual field is
greatly extended in the Y-direction, leading to a risk that an
image blur due to the influence of a deflection aberration is
revealed. However, a deflection aberration is small under the
conditions of the intensity ratio and the rotation angle stored
on the upper and lower stage settings storage unit 213, so
that an SEM image with a decreased image blur can be
obtained.

In Step S307, the control arithmetic and logic unit 221 is
used to read an image stored on the image storage unit 223
in Step S306 for length measurement.

In the flowchart described above, the description is made
as the case is taken as an example where the pixel size in the
Y-direction is made greater than the pixel size in the X-di-
rection. However, on the other hand, also in the case where
the pixel size in the X-direction is greater than the pixel size
in the Y-direction, it is possible to highly accurately measure
an image blur caused by a deflection aberration by a similar
method, and to find the optimum conditions for the intensity
ratio and the rotation angle.

It is noted that this flowchart is a flowchart in which the
optimum intensity ratio and the optimum rotation angle are
determined and the conditions are set to the device to acquire
an SEM image for length measurement. However, it may be
fine that a part of the processes is performed. For example,
it may be fine that the processes up to S305 are performed,
that is, the processes up to the process that the conditions of
the optimum intensity ratio and the optimum rotation angle
are stored on the upper and lower stage settings storage unit
213 are performed. Thus, when the subsequent image is
acquired, the stored settings are read to acquire an SEM
image of a small image blur caused by a deflection aberra-
tion.

With the use of the method described above, it is possible
to suppress image blurs caused by a deflection aberration at
the upper and lower ends of the visual field when the size of
the visual field in the Y-direction is greatly expanded, and it
is possible to perform length measurement of high resolution
in the X-direction. Moreover, in many electro-optical sys-
tems, the conditions of the intensity ratio and the rotation
angle with a small image blur caused by a deflection
aberration are nearly matched with the conditions with a
small image distortion caused by a deflection aberration, so
that it is possible to suppress image distortion caused by a
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deflection aberration as well. Thus, it is possible to imple-
ment a decrease in damage to the sample in the acquisition
of an SEM image and the efficient measurement of a
phenomenon in a long cycle such as wiggling. This method
is unnecessary to provide an offset on the deflection signal
in the acquisition of the image, and can be implemented by
only changing the amplitude gain of the deflection signal,
and can simplify control.

Example 2

As another exemplary embodiment of the first method for
solving the problems, an SEM will be described in which
misalignment in association with deflection is highly accu-
rately measured using an SEM image that the pixel size in
the Y-direction is greater than the pixel size in the X-direc-
tion to set the optimum intensity ratio and rotation angle of
a two-stage deflector.

Here, the misalignment means a variation in the applica-
tion position of a primary electron beam when the focal
position is changed by a certain amount. When a unit that
changes the focal position is different, the amount of mis-
alignment is also different. For example, in the case where
a unit that changes the focal position is a retarding voltage,
the variation is called the amount of misalignment from the
center of retarding.

Generally, in the case where a primary electron beam is
not deflected, the track of the primary electron beam is
adjusted so as not to take place misalignment. However,
generally, in the case where a primary electron beam is
deflected, misalignment is taken place according to the
amount of deflection. In the case where a primary electron
beam is deflected using a two-stage deflector, the amount of
misalignment depends on the intensity ratio and rotation
angle of the two-stage deflector.

In a part of electro-optical systems, the conditions of the
intensity ratio and rotation angle of the two-stage deflector
under which an image blur or image distortion caused by a
deflection aberration is at the minimum are nearly matched
with the conditions under which the amount of misalignment
from the center of retarding is at the minimum in association
with deflection. Therefore, the measured amount of mis-
alignment in association with the deflection is considered to
be the evaluation value of a deflection aberration, the
intensity ratio and rotation angle of the two-stage deflector
under which the evaluation value is at the minimum are
determined, and the conditions are set, so that an image blur
or image distortion caused by a deflection aberration can be
decreased. Here, an embodiment of an electro-optical sys-
tem like one described above will be described, and to an
electro-optical system in which the conditions under which
an image blur or image distortion caused by a deflection
aberration is at the minimum are nearly matched with the
conditions under which the amount of misalignment mea-
sured at another focal position changing unit is at the
minimum, a focal position changing unit corresponding to
the electro-optical system is used, so that a similar method
is applicable.

A schematic diagram of an overall configuration of an
SEM according to the embodiment is similar to FIG. 2
except the portions described later.

FIG. 10 is a flowchart of the embodiment. In the follow-
ing, the description will be made along the flowchart.

Steps S1000 to S1002 are similar to Steps S300 to S302.

In Step S1003, the control arithmetic and logic unit 221
is used to send a control signal to the retarding control unit
212, a retarding voltage applied to the stage 205 is changed
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to change the focal position, an operation similar to the
operation in Step S1002 is performed to generate SEM
image data, and the SEM image data is stored on the image
storage unit 223.

In Step S1004, the deflection aberration evaluation unit
222 is used to read two SEM images stored on the image
storage unit 223, and the Y-position dependence of the
amount of misalignment is measured as illustrated in FIG.
11. A plot 1101 is the amount of misalignment in the case
where a deflection aberration is large, and a plot 1102 is the
amount of misalignment in the case where a deflection
aberration is small. The amount of misalignment can be
measured by comparing the luminance profiles of two
images at the same Y-position with each other and calcu-
lating the shift amount in the X-direction. For the calculation
method for a shift amount, it may be fine that a normalized
correlation method is used, or it may be fine that a calcu-
lation method is used in which peak positions on the profiles
are determined and the difference between the positions is
considered to be a shift amount. A given method may be fine
as long as the method is a method in which the shift amount
of the pattern positions is calculated from two luminance
profiles. Moreover, in order to improve the signal-to-noise
ratio of the luminance profile, it may be fine that luminance
profiles near the Y-position at which measurement is made
are averaged and the averaged value is used to calculate a
shift amount.

Furthermore, for the determination method for the amount
of misalignment, it may be fine that instead of using two
SEM images, three SEM images or more with different focal
positions are used, the relationship between pattern positions
at the same Y-positions on the images and the focal positions
of the pattern positions is subjected to linear approximation,
and the first order coefficient of the linear approximation is
considered to be the amount of misalignment. In other
words, the method is a method in which a relationship 2701
between the pattern position and the focal position as
illustrated in FIG. 27 is determined from three SEM images
or more, and the slope of an approximation straight line
2702 is considered to be the amount of misalignment. Three
images or more are used, so that the measured accuracy of
the amount of misalignment can be improved.

The obtained Y-position dependence of the amount of
misalignment is subjected to linear approximation to deter-
mine a first order coeflicient, and the first order coeflicient is
considered to be an evaluation value and stored on the search
condition storage unit 224. Since the visual field in the
Y-direction is greater than the visual field in the X-direction
in the SEM images stored in Steps S1002 and S1003, the
amount of deflection of the primary electron beam is more
increased in the acquisition of the images as the primary
electron beam comes closer to the upper and lower ends of
the visual field, and the amount of misalignment is increased
in association with deflection. On the other hand, in the SEM
images, the pixel size in the X-direction is small, and even
a slight misalignment can also be highly accurately detected.
It may be fine that a display showing two SEM images
stored on the image storage unit 223, the Y-position depen-
dence of the amount of misalignment, and the evaluation
value as illustrated in FIG. 12 is displayed on the display
device 231 and the measurement result is told to the operator
as necessary.

Alternatively, for another method, it may be fine that a
misalignment amount 1104 or a misalignment amount 1105
at a constant Y-position 1103 that is not the center of a
certain visual field is simply calculated as an evaluation
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value, not to determine the first order coefficient of the
Y-position dependence of the length measurement value.

On the search condition storage unit 224 that stores the
obtained evaluation value, similarly to Step S303 according
to the first embodiment, data as illustrated in FIG. 7 is stored
together with the intensity ratio and the rotation angle stored
in Step S1000. It is noted that for the determination method
for the evaluation value, a given method may be used as long
as the method is a method that quantifies the degree of a
change in the amount of misalignment in the Y-direction. For
example, it may be fine that a difference between the amount
of misalignment in the center of the image and the amount
of misalignment at the top end of the image or the amount
of misalignment at the lower end of the image or the mean
value of the amounts of misalignment at both ends is simply
considered to be an evaluation value, or it may be fine that
a difference between the minimum value and the maximum
value of the Y-position dependence of the amount of mis-
alignment is used.

Steps S1005 to S1008 are similar to Steps S304 to S307.

In the flowchart described above, the description is made
as the case is taken as an example where the pixel size in the
Y-direction is made greater than the pixel size in the X-di-
rection. However, on the other hand, also in the case where
the pixel size in the X-direction is greater than the pixel size
in the Y-direction, it is possible to highly accurately measure
the misalignment in association with deflection by a similar
method, and to find the optimum conditions for the intensity
ratio and the rotation angle.

It is noted that this flowchart is a flowchart in which the
optimum intensity ratio and the optimum rotation angle are
determined and the conditions are set to the device to acquire
an SEM image for length measurement. However, it may be
fine that a part of the processes is performed. For example,
it may be fine that the processes up to S1006 are performed,
that is, the processes up to the process that the conditions of
the optimum intensity ratio and the optimum rotation angle
are stored on the upper and lower stage settings storage unit
213 are performed. Thus, when the subsequent image is
acquired, the stored settings are read, so that it is possible to
acquire an SEM image with a small image blur or image
distortion caused by a deflection aberration.

With the use of the method described above, it is possible
to suppress image blurs or image distortion caused by a
deflection aberration at the upper and lower ends of the
visual field when the size of the visual field in the Y-direction
is greatly expanded, and it is possible to perform length
measurement of high resolution in the X-direction. In par-
ticular, the method according to the embodiment exerts the
effect on a decrease in damage to the sample in the acqui-
sition of an SEM image and the efficient measurement of a
phenomenon in a long cycle such as wiggling.

Example 3

As another exemplary embodiment of the first method for
solving the problems, an SEM will be described in which
image distortion caused by a deflection aberration is highly
accurately measured using an SEM image that the pixel size
in the Y-direction is greater than the pixel size in the
X-direction to set the optimum intensity ratio and rotation
angle of a two-stage deflector.

A schematic diagram of an overall configuration of an
SEM according to the embodiment is similar to FIG. 2
except the portions described later.

FIG. 13 is a flowchart of the embodiment. In the follow-
ing, the description will be made along the flowchart.
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Steps S1300 to S1302 are similar to Steps S300 to S302.

In Step S1303, the deflection aberration evaluation unit
222 is used to read an image stored on the image storage unit
223, and the Y-position dependence of the line pattern
position is measured as illustrated in FIG. 14. A plot 1401 is
the Y-position dependence of the pattern position in the case
where a deflection aberration is large, and a plot 1402 is the
Y-position dependence of the pattern position in the case
where a deflection aberration is small. When the pattern
dimensions at a certain Y-position are measured, the X-po-
sition dependence of the image luminance at that Y-position
(a luminance profile) is determined, and the pattern position
is measured from the luminance profile. For the measure-
ment method for the pattern position, a given method may
be fine as long as the method is a method that measures the
pattern position from the luminance profile of an SEM
image such as a threshold method. Moreover, it may be fine
that in order to improve the signal-to-noise ratio of the
luminance profile, luminance profiles near the Y-position at
which measurement is made are averaged and the averaged
value is used to measure the pattern position. Furthermore,
in the case where a plurality of line patterns is included in
an image, it may be fine that the positions of the line patterns
are measured and the averaged value is used.

The Y-position dependence of the obtained pattern posi-
tion is subjected to third order approximation to determine
a third order coefficient, and the third order coeflicient is
considered to be the evaluation value of a deflection aber-
ration and stored on the search condition storage unit 224.
Since the visual field in the Y-direction is greater than the
visual field in the X-direction in the SEM image stored in
Step S1302, the amount of deflection of the primary electron
beam is more increased in the acquisition of the image as the
primary electron beam comes closer to the upper and lower
ends of the visual field, and a deflection aberration is
increased. The position of the line pattern is changed in
proportion to the cubic of the amount of deflection due to
image distortion caused by a deflection aberration, so that
the degree of a deflection aberration can be quantitatively
evaluated from the Y-position dependence of the pattern
position. Moreover, in this SEM image, the pixel size in the
X-direction is small, so that even a slight difference at the
pattern position can also be highly accurately detected.
Therefore, by the method in this step, even a slight change
in the amount of a deflection aberration can be highly
accurately detected. It may be fine that a display showing the
SEM image stored on the image storage unit 223, the
Y-position dependence of the pattern position, and the
evaluation value as illustrated in FIG. 15 is displayed on the
display device 231 and the measurement result is told to the
operator as necessary.

Alternatively, for another method, it may be fine that a
pattern position 1404 or a pattern position 1405 at a constant
Y-position 1403 that is not the center of a certain visual field
is simply calculated as an evaluation value, not to determine
the third order coefficient of the Y-position dependence of
the length measurement value.

On the search condition storage unit 224 that stores the
obtained evaluation value, similarly to Step S303 according
to the first embodiment, data as illustrated in FIG. 7 is stored
together with the intensity ratio and the rotation angle stored
in Step S1300. It is noted that for the determination method
for the evaluation value, a given method may be used as long
as the method is a method that quantifies the degree of a
change at the pattern position in the Y-direction.
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Steps S1304 to S1307 are similar to Steps S304 to S307.

In the flowchart described above, the description is made
as the case is taken as an example where the pixel size in the
Y-direction is made greater than the pixel size in the X-di-
rection. However, on the other hand, also in the case where
the pixel size in the X-direction is greater than the pixel size
in the Y-direction, it is possible to measure image distortion
caused by a deflection aberration by a similar method, and
to find the optimum conditions for the intensity ratio and the
rotation angle.

It is noted that this flowchart is a flowchart in which the
optimum intensity ratio and the optimum rotation angle are
determined and the conditions are set to the device to acquire
an SEM image for length measurement. However, it may be
fine that a part of the processes is performed. For example,
it may be fine that the processes up to S1305 are performed,
that is, the processes up to the process that the conditions of
the optimum intensity ratio and the optimum rotation angle
are stored on the upper and lower stage settings storage unit
213 are performed. Thus, when the subsequent image is
acquired, the stored settings are read, so that it is possible to
acquire an SEM image with a small image distortion caused
by a deflection aberration.

With the use of the method described above, it is possible
to suppress image distortion at the upper and lower ends of
the visual field caused by a deflection aberration when the
size of the visual field in the Y-direction is greatly expanded,
and it is possible to perform length measurement of high
resolution in the X-direction. In particular, the method
according to the embodiment is the most effective to a
decrease in image distortion. Thus, it is possible to imple-
ment efficient, highly accurate measurement of a phenom-
enon in a long cycle such as wiggling. Moreover, in many
electro-optical systems, the conditions of the intensity ratio
and the rotation angle with a small image distortion caused
by a deflection aberration are nearly matched with the
conditions with a small image blur caused by a deflection
aberration, so that it is possible to suppress an image blur
caused by a deflection aberration as well. Thus, it is possible
to implement highly accurate measurement while decreasing
damage to the sample in the acquisition of an SEM image.

Example 4

As an exemplary embodiment of a second method for
solving the problems, an SEM will be described in which an
image blur caused by a deflection aberration is highly
accurately measured using an SEM image acquired in the
state in which an offset is provided on the amount of
deflection to set the optimum intensity ratio and rotation
angle of a two-stage deflector.

A schematic diagram of an overall configuration of an
SEM according to the embodiment is similar to FIG. 2
except the portions described later.

FIG. 16 is a flowchart of the embodiment. In the follow-
ing, the description will be made along the flowchart.

Steps S1600 and S1601 are similar to Steps S300 and
S301.

In Step S1602, the control arithmetic and logic unit 221
is used to send a control signal to the two-stage deflector
control unit 212, the primary electron beam 207 is deflected
using the upper deflector 202 and the lower deflector 203 to
detect secondary electrons at the detector 206 while scan-
ning the surface of the sample, and SEM image data is
generated and stored on the image storage unit 223. In the
processing, the two-stage deflector control unit 212 controls
the upper deflector 202 and the lower deflector 203 based on
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the intensity ratios and the rotation angles stored on the
upper and lower stage settings storage unit 213. Moreover,
control is performed in such a manner that the amount of
deflection in the center of the visual field is large on the order
of a few microns, for example, not zero, and an offset is
provided on an electric current applied to the upper deflector
202 and the lower deflector 203.

In other words, as illustrated in FIG. 17, a visual field
1702 is scanned, not a visual field 1701 in which the amount
of deflection in the center of a typical visual field takes zero.
In FIG. 17, the case is taken as an example where an offset
is provided on an electric current in such a manner that the
center of the visual field is greatly moved in the Y-direction.
However, the moving direction of the center of the visual
field is a given direction. The pixel size is controlled in such
a manner that the pixel size is small on the order of
nanometers in both of the X-direction and the Y-direction.
Thus, it is possible to acquire an SEM image in a small pixel
size with a large deflection. Moreover, it may be fine that an
image in a visual field in which the sizes are different in the
X-direction and the Y-direction is acquired as a visual field
1703 and a part of the image is used to obtain an image
equivalent to the image obtained by scanning the visual field
1702. It is noted that the pattern to acquire an SEM image
is not necessarily a line pattern, which is a given pattern.
However, in order to highly accurately measure an image
blur caused by a deflection aberration, the pattern is desir-
ably a pattern in a micro structure on the order of a few
nanometers.

In Step S1603, the deflection aberration evaluation unit
222 is used to read an image stored on the image storage unit
223 to measure the resolution, and the resolution is consid-
ered to be the evaluation value of a deflection aberration. For
the measurement of the resolution of an SEM image, a given
method is used as long as the method is a method that
quantifies the image blur of the overall SEM image such as
a CG method or a DR method. Alternatively, since the length
measurement value of the line pattern is in the correlation
with the resolution in the case where the pattern is a line
pattern, it may be fine that the length measurement value is
a resolution measurement value. This image is acquired as
the image is greatly deflected in the entire area of the visual
field, and an image blur caused by a deflection aberration is
taken place. Therefore, the resolution of the image is mea-
sured, so that the degree of an image blur caused by a
deflection aberration can be quantified. Moreover, the pixel
size is small as on the order of nanometers, an image blur
caused by a deflection aberration can be highly accurately
measured. Furthermore, this method is advantageous that the
method can be implemented on a given sample.

Steps S1604 to S1607 are similar to Steps S304 to S307.

With the use of the method described above, it is possible
to suppress image blurs caused by a deflection aberration at
the upper and lower ends of the visual field when the size of
the visual field in the Y-direction is greatly expanded, and it
is possible to perform length measurement of high resolution
in the X-direction. Thus, it is possible to implement a
decrease in damage to the sample in the acquisition of an
SEM image and the efficient measurement of a phenomenon
in a long cycle such as wiggling.

It is noted that this flowchart is a flowchart in which the
optimum intensity ratio and the optimum rotation angle are
determined and the conditions are set to the device to acquire
an SEM image for length measurement. However, it may be
fine that a part of the processes is performed. For example,
it may be fine that the processes up to S1605 are performed,
that is, the processes up to the process that the conditions of
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the optimum intensity ratio and the optimum rotation angle
are stored on the upper and lower stage settings storage unit
213 are performed. Thus, when the subsequent image is
acquired, the stored settings are read to acquire an SEM
image of a small image blur caused by a deflection aberra-
tion.

Example 5

As another exemplary embodiment of the first method and
the second method for solving the problems, an SEM will be
described in which the state of the device is monitored by
highly accurately measuring an image blur caused by a
deflection aberration, misalignment in association with
deflection, image distortion caused by a deflection aberra-
tion, and the like.

FIG. 18 is a schematic diagram of an overall configuration
of an SEM according to the embodiment. The control
arithmetic and logic unit 221 that controls the overall device
includes an evaluation value storage unit 225 that tempo-
rarily stores the evaluation value of a deflection aberration
determined by the deflection aberration evaluation unit 222
and a deflection aberration determining unit 226 that deter-
mines whether the deflection aberration is within a toler-
ance. The other components illustrated in FIG. 18 are similar
to the components in FIG. 2 other than the portions
described later.

It is noted that an electrostatic lens or an electromagnetic
lens other than the objective lens, an astigmatism corrector
that corrects the astigmatism of the primary electron beam
207, deflectors that deflect the primary electron beam 207
other than the upper deflector 202 and the lower deflector
203, and the other components acting on the electron beam
may be included.

FIG. 19 is a flowchart of the embodiment. In the follow-
ing, the description will be made along the flowchart.

Step S1901 is similar to Step S302.

In Step S1902, the deflection aberration evaluation unit
222 is used to read an image stored on the image storage unit
223, and the determined evaluation value is stored on the
evaluation value storage unit 225, not on the search condi-
tion storage unit 224. The process is similar to Step S303
except the storing.

In Step S1903, the deflection aberration determining unit
226 is used to read the evaluation value stored on the
evaluation value storage unit 225 in Step S1902, and it is
determined whether the evaluation value is within a prede-
termined tolerance. In the case where the evaluation value is
within a predetermined tolerance, the process goes to Step
S1904, whereas in the case where the evaluation value is not
within a predetermined tolerance, the process goes to Step
S1905.

In Step S1904, a display as in FIG. 20A expressing that
the influence of a deflection aberration is within an allow-
able range and the intensity ratio and rotation angle of the
two-stage deflector are sufficiently adjusted is displayed on
the display device 231. It is noted that it may be fine that in
the case where this display is unnecessary, the step is
omitted, and the flowchart is finished as it is.

In Step S1905, a display as in FIG. 20B expressing that
the influence of a deflection aberration exceeds an allowable
range is displayed on the display device 231 to call the
operator’s attention. Alternatively, it may be fine that a
display as in FIG. 20C to prompt the operator to adjust the
intensity ratio and rotation angle of the two-stage deflector
is displayed, and the intensity ratio and the rotation angle are
adjusted by the method according to any one of the first to
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fourth embodiments by an input from the operator. More-
over, it may be fine that the intensity ratio and the rotation
angle are automatically adjusted by the method according to
any one of the first to fourth embodiments without display-
ing such a display.

It is noted that here, the case is described where the
evaluation value of a deflection aberration is determined by
the method described in the first embodiment. However, it
may be fine that Steps S1003 and S1004 are performed
instead of Step S1902 and the evaluation value of a deflec-
tion aberration is determined by the method described in the
second embodiment, or it may be fine that Step S1303 is
performed instead of Step S1902 and the evaluation value of
a deflection aberration is determined by the method
described in the third embodiment. It may be fine that Steps
S1602 and S1603 are performed instead of Steps S1901 and
S1902 and the evaluation value of a deflection aberration is
determined by the method described in the fourth embodi-
ment. It is noted that in any cases, the evaluation value
determined using the deflection aberration evaluation unit
222 is stored on the evaluation value storage unit 225, not on
the search condition storage unit 224.

With the use of the method described above, is possible to
detect the state in which image blurs caused by a deflection
aberration at the upper and lower ends of the visual field are
large when the size of the visual field in the Y-direction is
greatly expanded. This method is performed on a regular
basis, so that it is possible to maintain the state of the device
in the optimum all the time.

Example 6

As an exemplary embodiment of a third method for
solving the problems, an SEM will be described in which a
focal point, an astigmatic point, or a deflection chromatic
aberration is adjusted according to the amount of deflection
in the Y-direction, so that an aberration in association with
deflection (an image field curvature aberration, an astigma-
tism, or a deflection chromatic aberration) is decreased, and
image blurs at the upper and lower ends of the visual field
are decreased.

FIG. 21 is a schematic diagram of an overall configuration
of an SEM according to the embodiment, including a
deflector 241 that deflects the primary electron beam 207
and an aberration corrector 242 that corrects the deflection
aberration of the primary electron beam 207 (it is an
astigmatism corrector in the embodiment). The deflector 241
is controlled by a deflector control unit 251, and the astig-
matism corrector 242 is controlled by an astigmatism cor-
rector control unit 252. It is noted that it may be fine that the
deflector 241 has a one-stage configuration, or has a two-
stage configuration as the upper deflector 202 and the lower
deflector 203 in FIG. 2. Moreover, it may be fine that a
deflector other than this deflector is included. The control
arithmetic and logic unit 221 that controls the overall device
includes a dynamic correction amount computing unit 227
that calculates a dynamic correction amount according to the
amount of deflection in the Y-direction. The other compo-
nents illustrated in FIG. 21 are similar to the components in
FIG. 2 other than the portions described later. It is noted that
an electrostatic lens or an electromagnetic lens other than the
objective lens, deflectors that deflect the primary electron
beam 207 other than the deflector 252, and the other
components acting on the electron beam may be included.

In the following, the operation of the dynamic correction
amount computing unit 227 will be described.
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The dynamic correction amount computing unit 227 cor-
rects a focus control signal sent from the control arithmetic
and logic unit 221 to the objective lens control unit 214
based on a deflection control signal sent from the control
arithmetic and logic unit 221 to the deflector control unit
251. In other words, here, the objective lens is also used as
an aberration corrector. FIG. 22 is an example of deflection
control signals and a focus control signal correction amount.
This is an example in the case where the direction of the
scanning line is the X-direction in which the deflection
control signal in the X-direction is changed at high speed on
one hand, and a change in the deflection control signal in the
Y-direction is at a low frequency as compared with a change
in the deflection control signal in the X-direction on the
other hand. One step observed in the deflection control
signal in the Y-direction corresponds to one scanning line.
As illustrated in FIG. 22, the focus control signal correction
amount is changed for every scanning line. By the method
described above, an image field curvature aberration can be
decreased.

In the previously existing method, it is necessary to also
make a change according to the deflection control signal in
the X-direction, and high-speed control is necessary. How-
ever, this method can be implemented by control at slow
speed. In this method, although an image field curvature
aberration caused by deflection in the X-direction is not
enabled to decrease, an image field curvature aberration
caused by deflection in the X-direction can be almost
ignored in the case where an SEM image is acquired with a
great deflection only in the Y-direction, and an image field
curvature aberration can be sufficiently decreased. It may be
fine that the focus control signal correction amount is
determined with reference to a predetermined table as in
FIG. 23, or it may be fine that the focus control signal
correction amount is calculated from a relational expression
of'a predetermined focus control signal correction amount to
the deflection control signal in the Y-direction. Moreover,
here, the description is made in the case where the focus
control signal correction amount is changed for every scan-
ning line, that is, in the case where line scanning is per-
formed in the X-direction in which the pixel size is small,
and an aberration is corrected for every deflection operation
in which the start position of the scanning line is moved in
the Y-direction in which the pixel size is great. However, it
may be fine that other linking methods are used. For
example, it may be fine that an image field curvature
aberration can be decreased by control at slow speed in
which the number of times of performing the aberration
correction operation is smaller than the number of times of
performing the deflection operation in which the start posi-
tion of the scanning line is moved in such a manner that the
focus control signal correction amount is changed for each
of a plurality of the scanning lines.

With the use of the method described above, it is possible
to decrease an image field curvature aberration with no need
of high-speed focus control, and it is possible to suppress
image blurs caused by a deflection aberration at the upper
and lower ends of the visual field when the size of the visual
field in the Y-direction is greatly expanded, and it is possible
to perform length measurement of high resolution in the
X-direction.

It is noted that here, the description is made as the case is
taken as an example where the focus control signal to be sent
to the objective lens control unit 214 is corrected to decrease
an image field curvature aberration. However, instead of the
correction, it may be fine that a voltage control signal to be
sent to the retarding control unit 215 is corrected in the case
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where a retarding electrode is used for an aberration cor-
rector, or it may be fine that a control signal controlling
another unit that controls focus is corrected in the case where
that unit is provided.

Moreover, it may be fine that in the case where an
astigmatic point control signal to be sent from the control
arithmetic and logic unit 221 to the astigmatism corrector
control unit 252 is provided or another unit that controls the
astigmatic point is provided, a control signal controlling the
unit is corrected to decrease astigmatism, not to decrease an
image field curvature aberration.

Furthermore, it may be fine that both of an image field
curvature aberration and an astigmatism are decreased.
Thus, it is possible to decrease both of an image field
curvature aberration and an astigmatism with no need of
high-speed control over the focal point and the astigmatic
point, and it is possible to suppress image blurs caused by a
deflection aberration at the upper and lower ends of the
visual field when the size of the visual field in the Y-direction
is greatly expanded, and it is possible to perform length
measurement of high resolution in the X-direction. In the
case of using this method, it is possible to decrease a slightly
remaining deflection aberration even under the optimum
conditions obtained in the other embodiments, and the
method is advantageous to realize the state of a smaller
deflection aberration.

Example 7

As another exemplary embodiment of the third method
for addressing the problems, an example of deflection chro-
matic aberration correction will be described. FIG. 24 is a
schematic diagram of an overall configuration of an SEM
according to the embodiment. The difference from FIG. 21
is in that an aberration corrector 262 is configured to correct
all of aberrations including a deflection chromatic aberra-
tion, an astigmatism, and an image field curvature. More
specifically, the aberration corrector 262 includes an eight-
pole electrostatic deflector 263 that can superpose an offset
voltage and an astigmatism correction voltage and an elec-
tromagnetic deflector 264 disposed so as to surround the
eight-pole electrostatic deflector 263. Thus, the offset volt-
age is controlled to perform focus correction in which
electrostatic deflection and electromagnetic deflection are
performed in the reverse directions, so that a deflection
chromatic aberration can be corrected. The deflection chro-
matic aberration is also an aberration taken place in asso-
ciation with deflection, causing the degradation of resolution
in association with deflection similarly to an image field
curvature and an astigmatism.

Also in the embodiment, an aberration corrector control
unit 352 is controlled according to the deflection control
signal in the Y-direction. Here, the spacing between scan-
ning lines for correction were at irregular spacings. More
specifically, in order to correct an image field curvature
suddenly increased in association with an elongated deflec-
tion with a well scheme, the frequency of correction was
more increased as the position was closer to both ends of the
Y-direction with a large amount of deflection.

FIG. 25 is a screen of a display device according to the
embodiment. Also in the embodiment, types of aberrations
to be corrected are selectable. The upper part of the screen
is the area for selecting types of aberrations to be corrected
in which selection is made by ON or OFF. In this drawing,
focus correction and deflection chromatic aberration correc-
tion are selected for correcting an image field curvature.
Moreover, the timing to correct an aberration is also select-
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able. As illustrated in the lower part of the screen, in the case
where correction is made for the same number with respect
to the number of scanning lines (in other words, the number
of times of changing the start position of the scanning line
for deflection), regular spacings are selected, whereas in the
case where correction is made for the different number,
irregular spacings are selected.

Furthermore, the number of scanning lines for correction
can be specified. In the case of irregular spacings, spacings
are narrowed as the scanning lines come closer to both ends
in the Y-direction based on the number of the scanning lines
on the display. In the drawing, it is shown that five scanning
lines are specified on the basis of irregular spacings. As
described above, in the embodiment, it is possible to change
the timing for correction.

As described above, it is possible to suppress image blurs
caused by a deflection aberration at the upper and lower ends
of the visual field when the size of the visual field in the
Y-direction is greatly expanded, and it is possible to perform
length measurement of high resolution in the X-direction.

REFERENCE SIGNS LIST

101 . . . line pattern,

102 . . . scanning line,

103 . . . scanning line spacing,

104 . . . visual field,

201 . . . electron gun,

202 . . . upper deflector,

203 . . . lower deflector,

204 . . . objective lens,

205 . . . stage,

206 . . . detector,

207 . . . primary electron beam,

208 . . . secondary electrons,

209 . . . sample,

211 . . . electron gun control unit,

212 . . . two-stage deflector control unit,

213 . . . upper and lower stage settings storage unit,

214 . . . objective lens control unit,

215 . . . retarding control unit,

221 . . . control arithmetic and logic unit,

222 . . . deflection aberration evaluation unit,

223 . . . image storage unit,

224 . . . search condition storage unit,

225 . . . evaluation value storage unit,

226 . . . deflection aberration determining unit,

227 . . . dynamic correction amount computing unit,

231 . . . display device,

251 . . . deflector control unit,

252 . . . aberration correction control unit,

252 . . . aberration correction control unit,

262 . . . aberration corrector,

263 . . . electromagnetic deflector,

264 . . . eight-pole electrostatic deflector,

501 . . . Y-position dependence of a length measurement
value,

502 . . . Y-position dependence of a length measurement
value,

503 . .. Y-position used in determination of an evaluation
value,

504 . . . length measurement value,

505 . . . length measurement value,

1101 . . . Y-position dependence of the amount of mis-
alignment,

1102 . . . Y-position dependence of the amount of mis-
alignment,
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1103 . . . Y-position used in determination of an evaluation
value,

1104 . . . amount of misalignment,
1105 . . . amount of misalignment,
1401 . . . Y-position dependence of a pattern position,
1402 . . . Y-position dependence of a pattern position,

1403 . . . Y-position used in determination of an evaluation
value,

1404 . . . pattern position,

1405 . . . pattern position,

1701 . . . visual field without a deflection offset,

1702 . . . visual field with a deflection offset,

2601 . . . dependence of the amount of a deflection
aberration on the amount of deflection,

2602 . . . dependence of the amount of a deflection

aberration on the amount of deflection,

2701 . . . pattern position at a certain Y-position evaluated
from one SEM image,

2702 . . . linear straight line of focal point dependence of
a pattern position.

The invention claimed is:

1. A charged-particle beam device comprising:

a sample stage on which a sample is placed;

a scanning optical system that scans a charged particle
beam over the sample;

a first deflector and a second deflector that deflect the
charged particle beam;

an image acquiring unit that acquires an image having a
pixel size greater in a second direction than in a first
direction based on electrons emitted from the sample;

an image storage unit that stores a plurality of the images
in which combination conditions of a deflection inten-
sity ratio and a rotation angle for the first deflector and
the second deflector are changed; and

an evaluation unit that determines a combination of the
deflection intensity ratio and the rotation angle for the
first deflector and the second deflector based on a
variation in the second direction in the stored plurality
of the images.

2. The charged-particle beam device according to claim 1,

wherein: an image acquired at the image acquiring unit is
a line pattern; and

the second direction is a direction in which the line pattern
is extended.

3. The charged-particle beam device according to claim 1,

wherein: an image acquired at the image acquiring unit is
a line pattern; and

a variation in the second direction is a dimension mea-
surement value of the line pattern.

4. The charged-particle beam device according to claim 1,

wherein: an image acquired at the image acquiring unit is
a line pattern; and

the evaluation unit makes the evaluation based on a
difference between a dimension measurement value of
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the line pattern in a center part of the image and a
dimension measurement value of the line pattern at an
end portion of the image.

5. The charged-particle beam device according to claim 1,

wherein: an image acquired at the image acquiring unit is
a line pattern; and

the evaluation unit makes the evaluation based on a
difference between a positional displacement amount
of the line pattern in center parts of two of the images
and a positional displacement amount of the line pat-
tern at end portions of the two images.

6. The charged-particle beam device according to claim 1,

wherein: an image acquired at the image acquiring unit is
a line pattern; and

the evaluation unit makes the evaluation based on a
difference between a position of the line pattern in a
center part of the image and a position of the line
pattern at an end portion of the image.

7. The charged-particle beam device according to claim 1,

wherein when a value of the evaluation is not within a
predetermined tolerance, a control computing unit that
displays that a value of the evaluation is not within the
tolerance.

8. A charged-particle beam device comprising:

a sample stage on which a sample is placed;

a scanning optical system that scans a charged particle
beam over the sample;

an aberration correction unit that corrects an aberration in
the scanning optical system;

a deflector that deflects the charged particle beam;

an image acquiring unit that acquires an image having a
pixel size greater in a second direction than in a first
direction based on electrons emitted from the sample;
and

a control computing unit that calculates an amount to
correct an aberration by the aberration correction unit
based on the acquired amount of deflection in the
second direction.

9. The charged-particle beam device according to claim 8,

wherein the aberration correction unit is any one of a focal
position changing unit, an astigmatism correction unit,
and a deflection chromatic aberration unit, or a com-
bination of the units.

10. The charged-particle beam device according to claim

wherein after making scanning in the first direction, the
aberration correction unit corrects an aberration in
linking to an deflection operation in which a start
position of scanning line is moved.

11. The charged-particle beam device according to claim

50 10,

wherein a number of times of performing operations of
the aberration correction is smaller than a number of
times of performing the deflection operation.
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